Abstract-Retina
I. INTRODUCTION
Apart from being an insight to the important parts of the visual system, retinal image can also be used as a reflector of general health of the entire human body. Automated retinal image analysis has recently becoming one of the most important screening tool for an early detection of certain highly risk diseases such as diabetes, hypertension, age related macular degeneration, glaucoma etc. Hypertension retinopathy is one of the diseases that damage the retina and the result of this damage is the loss of vision. This is closely related with high blood pressure [1] - [3] .
The abnormalities and changes of vascular pattern are observed as this is the main factor to identify these diseases [3] . The features that are obtained can assist in detecting, diagnosing or evaluation of ocular or systematic diseases. In this work, features that needed to be extracted are the vessels diameter, the branching angle, the bifurcation angle and the vessels gap as shown in Fig. 1 
(a)-(d).
Vessels diameter is the measure of the width of the vessel. Branching angle is the angle between the main vessel and one of its branches. Bifurcation angle is the angle between two branch vessels at which the main vessel splits into two vessels. Lastly, vessel gap is the discontinuity of the vessel at certain place [4] . The main focus for this paper is on the development of an image processing technique for bifurcation angle measurements. At the same time the paper also investigate the feasibility of using retinal blood vessel bifurcation angle as marker for hypertension detection.
Section II describes the related research regarding bifurcation angle measurement. Section III explains the proposed methodology algorithm. Section IV gives the performance analysis result and discussion of the proposed algorithm. Section V concludes the work and direction for future work.
II. RELATED WORK
One eye can have up until 50 or more bifurcation angle. The optimum bifurcation angle between the vessels branches is formed to achieve the fastest transport of blood which requires the least amount of work. Studies report that the larger bifurcation angles are related to the decrease blood flow and smaller bifurcation angles with aging and hypertension [5] .
The study on the cardiovascular tree has been made decades ago and the first pioneer steps are introduced by C.D Murray in 1926; his study is mainly on the branching angles and the relative diameters of the vessels involved in the arterial bifurcation [3] . However, this study suffers from lack of quantitative data relating to this topic. Large sufficient amount of data is needed in order to make reasonable comparison with the theoretical results. Retinal blood vessel image analysis has been widely studied and published in the field of retinal vasculature detection and vessel width measurement [1] , [6] - [12] , however only a limited works focus on the bifurcation angle measurement or proposed an algorithm on finding the bifurcation angle [13] - [15] . Fig. 2 illustrates the design flow of measuring the angle for the extracted bifurcation point of the retinal blood vessels. The image that is used for this research is retrieved from the Digital Retinal Images for Vessel Extraction (DRIVE) dataset [16] . The DRIVE database contains 40 images. The DRIVE database has been established to enable comparative studies on segmentation of blood vessels in retinal images. The image is cropped to obtain the region or bifurcation point needed for the measurement process. By using the cropped image, it will be easier to extract the two vessels. The cropped image undergoes thresholding techniques, which will convert the ROI into binary image. The subsequent sections will elaborate each of the main components which are processing, tracing, measuring and intersection identification. 
III. PROPOSED METHODOLOGY ALGORITHM

A. Processing
The processing stage utilizes the RGB format image. The process includes acquisition of the image, the extraction of the image on the ROI and thresholding process. The thresholding process makes it easy to distinguish the image foreground and its background. To extract the ROI, choose the bifurcation point and store the starting coordinate [x1, y1] for the extraction process. Then, use the syntax in Fig. 3 to obtain the extracted region. Fig. 4 shows the selected region while Fig. 5 shows the extracted region. The extracted image is then converted into binary image in the thresholding process. Lastly, before proceeding to the next stage, compliment the binary image so that the ROI is white while the background becomes black using syntax in Fig. 6. Fig. 7 shows the threshold image of the extracted region with threshold level 0.4.
B. Tracing Vessels Boundaries
The tracing stage is important to determine the intersection point or in this case the bifurcation angle. First, set the initial point for both daughter vessels. That point is the starter for the tracing process. This process will extract as many points that lie on the vessel.
The trace boundary routine will require a specified single point on the transitioning line in this case the point on the vessel that divides the inner vessel and the background. Store the initial point of each vessel for the tracing boundaries routine.
Boundary, B is defined as; , , , , ,
Where; -P is the two -element vector or the coordinate of the initial point that lies on the object boundary -The f-step is the initial direction for the next pixel object that connected to the initial point selected -CONN specifies the connectivity when tracing the boundaries -"n" is to specify the number of traced boundary -DIR is to direct in which the direction of the racing will be. ( 'clockwise' or 'counter clockwise')
The f-step is a character vector specifying the initial search direction for the next object pixel which connected to the initial point obtained in the previous step. It is safest to set the initial step to point toward outside of the vessels. Fig. 8 will illustrate the possible values for the f-step.
The connection may be either 4 or 8. In this case use 8, as the direction of the vessels may be varies as shown in syntax in Fig. 9 . It is important to extract as many points as possible in order to increase the accuracy of the angle and the point of intersection. Table I shows the points obtained from the boundary tracing process. 
COORDINATES OF THE TRACING BOUNDARIES OF SINGLE INTERSECTION POINT
No Daughter Vessel 1 Daughter vessel 2 y-axis x-axis y-axis x-axis  1  32  73  61  77  2  32  72  61  77  3  33  71  60  75  4  34  70  59  75  5  35  70  59  74  6  35  69  58  73  7  36  68  58  73  8  36  67  57  71  9  37  66  56  70  10  38  65  56  69  11  38  64  55  68  12  39  63  54  67  13  40  62  53  66  14  40  61  53  65  15  39  60  52  64  16  40  59  51  63  17  41  59  51  62  18  41  58  50  61  19  42  57  49  60  20  43  56  48  60 After extracting the coordinates on the tracing step, not all of the point lies on a straight line. From the line equation, 1 * . The parameters 'a' and 'b' can be solved by using polyfit. Polyfit is Matlab function of polynomial curve fitting.
, , returns the coefficients for a polynomial of degree n that is the best fit for data in y [14] . The 'n' is the degree of polynomial and it can be considered to be the highest power of an independent variables. So, first-degree of polynomial, 1 * 2 . The second-degree polynomial, 1 * 2 * 2 3 . And so forth. Fig. 10 is the fitting boundary syntax. This coding is to find the best fit lines from the coordinates obtained from the tracing process. Fig. 11 shows the traced boundary lines. Fig. 10 The fitting boundary syntax 
C. Measuring Angle
The angles measurement stage, the angle between the daughters vessels are measured by using the dot product of the two vessels. After that is obtained, it is much simpler to obtain the intersection point. Fig. 12 shows the syntax to measure the angle. Firstly, create a line vector from the line equation obtained from the fitting boundaries equation. Compute the result of dot product for both line vectors. Square root the sum of the squared vectors and finally apply the equation below to obtain the angle of the bifurcation point.
acosd is the inverse of cosine in degree. To measure a smaller angle which below than 90 degree use acosd while measuring a larger intersection angle use 180-acosd. Fig.  13 shows the angle for the bifurcation point.
D. Point of Intersection
In the final stage, solve the system of the two equations in order to obtain the coordinate of the intersection point as shown in Fig. 14 . Apply offsets in order to mark or compute the location on the original image which is the previously uploaded image. Lastly, plot all the result or any important data on the image. % dot product of the two vector dp = dot(vect1, vect2); % square root of the sum of square vector length1 = sqrt (sum(vect1.^2)); length2 = sqrt (sum(vect2.^2)); % smaller angle <90 angle = acosd(dp/(length1*length2)); 
IV. RESULT AND DISCUSSION
The results in Table II indicated that the proposed algorithm can be implemented at any type brancing/bifurcation of artery/vein or direction of angle. For now, the threshold level needed to be adjusted manually to several levels until the proper binary image is obtained. For future work, application of adaptive threshold is suggested to overcome this problem. This is to ensure the extracted vessels have no break or gap between the vessels after thresholding as that will affect the tracing boundary process. Hence, it is better to use the already segmented image for this work. However, the limitation of using segmented image is, it hard to determine the type of the vessels as it in black and white. Regardless using segmented image will help to save more time on thresholding as the image already in binary states. Thus far the programme able to detect and measure an angle of single intersection point at a time.
For now, the bifurcation point is acquired manually by the user. The points are carefully identified and determined based on the characteristics given such as criteria of bifurcation occurrence. Fig. 15 show the marked angle and coordinate of the bifurcation points while Table II show the difference between the angle determined by using the algorithm and actual angle measurement. It is observed that they showed promising results.
V. CONCLUSION AND RECOMMENDATION
In this research, the angle for the bifurcation point is determined by using an image processing techniques. The process consists of several steps from extraction, angle generation to plotting results. The development of these algorithm is important in order to automate the angle of bifurcation measurement. With this basic algorithm hopefully can one day leads onto a more accurate and automated angle measurement algorithm and able to generate an accurate data, not only focusing on the angle of bifurcation but also for other retinal features that can possibly be an indicator for fatal diseases 
